We report a calculation of the baryon magnetic moments using covariant chiral perturbation theory within the extended-on-mass-shell renormalization scheme including intermediate octet and decuplet contributions. By fitting the two available low-energy constants, we improve the Coleman-Glashow description of the data when we include the leading SU(3) breaking effects coming from the lowest-order loops. We compare with previous attempts at the same order using heavy-baryon and covariant infrared chiral perturbation theory, and discuss the source of the differences.
Introduction
In the limit that SU(3) is an exact flavor symmetry it is possible to relate the magnetic moments of the baryon-octet and the ΛΣ 0 transition to those of the proton and the neutron. These are the celebrated Coleman-Glashow formulas [1] . The improvement of this description requires the inclusion of a realistic SU(3)-breaking mechanism. In the last decades several calculations of the SU(3)-breaking corrections using χPT [2, 3, 4] have been performed. Most of the calculations have been done in the context of heavy baryon (HB) χPT [5] , with [6, 7] and without [8, 9] the explicit inclusion of the decuplet resonances. In the HB approach it is necessary to work up to next-to-next-to-leading order (NNLO) to find a good agreement with data, although at the price of loosing the predictive power of the theory since at this level one has seven unknown low energy constants (LECs) to describe eight measured quantities.
Calculations of the baryon-octet magnetic moments in covariant χPT have become possible only after the advent of the infrared (IR) [10] and the extended on-mass-shell (EOMS) [11] renormalization prescriptions. In the IR approach [12] at next-to-leading order (NLO) the description is even worse than in the HB approach and it becomes necessary to reach NNLO. In contrast, we have found that within the EOMS scheme up to NLO the agreement with the data is not only better than in HB and IR but also than the Coleman-Glashow description [13] . Moreover, it has been shown that this agreement with the experimental data is preserved even after one considers the contributions of the decuplet resonances [14] . The inclusion of these contributions in SU(3)-flavor χPT is necessary since we deal with perturbations in m K and m η that are well over the typical scale for the onset of the low-lying decuplet resonances, δ = M D − M B ∼ 0.3 GeV. Finally, it is worth mentioning that the covariant formalism successfully applied to describe the baryon-octet magnetic moments has been recently used to predict f 1 (0) [15] .
Chiral Lagrangians
Our calculation requires the use of the standard lowest-order Chiral Lagrangians L (2) φ and L (1) φ B , describing the pseudoscalar mesons and baryons coupled to an external electromagnetic source (see for instance [4] ). Besides, for the meson-octet-decuplet interaction we use the "consistent" formalism that demands these couplings to fullfil a spin-3/2 gauge symmetry [16, 17] :
where T µ ≡ T ade µ collects the field representation of the decuplet-resonances as detailed in [14] , C is the MBD coupling, F φ is the meson decay constant and M D is the decuplet-baryon mass.
At second order there are two terms in the Chiral Lagrangian that contribute to the magnetic moments of the octet baryons
where, in our case, F + µν = 2|e|QF µν , and F µν = ∂ µ A ν − ∂ ν A µ is the electromagnetic strength tensor. The LECs b D 6 and b F 6 encode information about short-distance physics and should be determined from experiment within a given renormalization scheme. 
Parameter values
We take the values D = 0.80 and F = 0.46 for the meson-baryon couplings appearing in L (1) φ B , the value C ≈ 1.0 for the φ BD coupling [14] and we use an averaged meson decay constant 
Results
The Feynman diagrams contributing to the baryon-octet anomalous magnetic moments up to O(p 3 ) are shown in Fig. 1 . The resulting expressions with detailed discussions on different regularization schemes of the loop-functions and on their heavy-baryon limits can be found in Refs. [13, 14] . Furthermore, Ref. [14] analyzes the problems one may encounter in the relativistic field description of spin-3/2 particles.
In Table 1 we show the numerical results for the baryon magnetic moments obtained by minimizing χ 2 ≡ ∑(µth − µ expt ) 2 as a function of the LECs b D 6 and b F 6 . We have not included the ΛΣ 0 transition moment in the fit and, therefore, it is a prediction. We compare the SU(3)-symmetric description with the different O(p 3 ) χPT calculations discussed above. Namely, we display the HB and the EOMS-covariant results with (O+D) and without (O) the inclusion of dynamical decuplets and the IR-covariant with only dynamical octet-baryons. The experimental values are included from Ref. [18] .
For the HB approach, one sees how the corrections of the dynamical baryon -octet anddecuplet go in the same direction and are of equivalent size. Consequently, the description obtained with only the baryon-octet, that already overestimated the SU(3)-breaking corrections, gets much worsened when the decuplet is included. For the results obtained in HB, one is unavoidably led to wonder about the contributions of higher-mass resonances. In the covariant approach we have different results attending to the renormalization scheme or to the inclusion of the decuplet.
Restricting ourselves first to the comparison between the EOMS and IR schemes with only dynamical baryon-octet contributions, we observe large numerical discrepancies for differences that are formally of higher-order [13] . In order to better understand this, we study the evolution of the minimal χ 2 as we switch-on the SU(3)-breaking effects, by introducing the parameter x = m M /m M,phys (where M = π, K, η) and varying it between zero and one. As seen in Fig.2 , the three approaches coincide in the vicinity of the chiral limit. The EOMS and IR results stay very close up to x ∼ 0.4. As x increases further HB and IR description of data get worse while, on the contrary, the EOMS result lies well below the SU(3) symmetric one. As it was explained in Ref. [13] , we interpret the unrealistic IR behaviour as a manifestation of the alteration that this approach produces on the analytical properties of the loop-functions. Our results indicates that this known problem of the IR amplitudes may already be relevant for the scales around the masses of K and η mesons.
The results in EOMS show an unprecedented NLO improvement over the tree-level description within dimensionally regularized χPT, where octet and decuplet contributions have been included. We can study the convergence properties of the chiral series factorizing the tree-level at O(p 2 ) from the whole result up to O(p 3 ). We also separate the loop fraction into the octet (second number) and the decuplet (third number) parts in the parenthesis Except for the Σ − , the relative contributions of the octet and the decuplet and the overall O(p 3 ) cor- rections, are consistent with a maximal correction of about m η /Λ χSB , and the decuplet corrections are, in general, smaller than the octet ones. Moreover, in Ref. [14] the large decuplet mass limit was investigated and it was found that the decuplet decouples for an average M D slightly above the physical average.. Another interesting point concerns the different sum-rules first discussed by Caldi and Pagels in Ref. [8] . Among them, two survive up to the leading breaking corrections provided by any of the covariant χPT calculations considered. Namely, we found that our results verify
The first relation in combination with the assumed isospin symmetry is the cause of µ Λ = −µ Σ 0 in the results of 
The third sum-rule derived in [8] µ Ξ − + µ Ξ 0 = 2µ Λ − µ n − µ p ,
although fulfilled in the HB expansions of our results (see Ref. [6] ), is broken when the relativistic corrections to the loops are included. In summary, we have presented the leading SU(3)-breaking contributions to the baryon-octet magnetic moments in chiral perturbation theory considering different renormalization prescriptions and the explicit inclusion of the decuplet resonances. By using the so-called extended on-massshell renormalization prescription we successfully improve the tree-level description given long time ago by Coleman and Glashow. Our O(p 3 ) calculation intends to be complete in the sense that the low-lying decuplet resonances have been included. Finally, the comparison of our results with those obtained in heavy-baryon and infrared approaches highlights the important role that analyticity may have in baryon chiral perturbation theory.
